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I.  Introduction 


This  contract  funds  a  comprehensive  five  year  study  of  niagnetospheric  structure  and 
dynamics.  There  are  four  major  areas  of  study:  uav<-s  anri  wave  particle  interactions,  niag¬ 
netospheric  tail  and  suhstorm  dynamics,  ionosphere-magnetosphere  coupling  and  acli\e 
experiments.  The  first  tliree  areas  are  all  central  to  our  understanding  of  tlie  geoplasma 
environment.  Each  plays  a  critical  part  in  determining  the  pattern  of  [ilasrna  flows  and 
currents  and  the  distribution  and  properties  of  the  plasma  and  energetic  particles  within  the 
magnetosphere-ionosphere  system.  The  last  topic,  active  experiments,  is  an  exciting  emerg¬ 
ing  field  in  space  plasmas  that  holds  much  potential.  The  major  effort  is  directed  towards 
the  analysis  of  existing  and  newly  acquired  spacecraft  data,  with  particular  emphasis  on  mnl- 
tisatellite  studies.  The  data  analysis  is  complemented  by  theoretical  aim  simulation  studies, 
the  development  and  maintenance  of  data  analysis  and  display  software  for  use  in  the  data 
analysis,  and  the  design  of  new  innovative  plasma  and  field  instruments  for  use  in  the  next 
generation  of  spacecraft.  'I'he  overall  goal  of  the  study  is  to  provide’  the  unde'i'st aneling  ot 
the  magnetosphere-ionosphere  syste-m  lu’ede’d  to  construct  re'liabh’  models  that  will  fiurecast 
the  future  state  of  the  system. 

This  report  focuses  on  four  areas  of  scientific  investigation  in  which  significant  progress 
has  been  made  in  the  first  year  of  the  contract:  the  eh'ctrodynamics  of  th<’  Maraiig  diSvon- 
finuity  and  gootail  convection;  signatures  of  magnetic  merging  observed  on  the  jioh’svard 
boundary  of  the  cusp;  understanding  the  causes  of  the  extreme  ecpiatorial  density  depletions 
observed  by  DMSP  F9  during  tin'  March  lOSO  magiu'tic  storm;  and  modelling  electromag¬ 
netic  ion  cyclotron  wave  group  delays.  Each  of  tlK’s<'  topics  is  made*  tin'  subject  of  oiu' 
section  of  this  r<’port  and  has  or  will  result  in  th<‘  piiblicat iini  of  a  scii'utific  paper.  Here  we 
summarize  the  main  scientific  r<>sults  and  refi’r  the  ixuuh'r  to  one  or  more  of  the  publications 
arising  out  of  our  research  for  fuller  details.  .X  completf'  list  of  juiblical  ions  ai  isiug  out  of 
this  research  is  containi'd  in  the  last  section  of  this  report. 

.■\s  this  contract  has  been  in  r-ffect  for  only  one  year,  and  most  of  the  resi’aicliers  vonking 
on  this  project  have  been  sup|)()rt<'d  In'  this  contrail  for  less  than  a  \'ear.  all  of  the  work 
described  here  was  begun  under  otlier  contracts,  at  Boston  I’nivi'rsity  and  elsewhere,  hut 
substantial  work  was  doin’  and  (he  work  was  completed  iiinh’r  this  contract. 


II.  The  Pliysics  of  the  Marang  Discontinuity 


W'c  liave  develoj)(‘<i  a  natural  cxj)lanal  ion  (,i  the  Ilarang  disc  out  innity  that  arises  from 
the  asymir.rtry  of  ion  drift  paths  in  the  tail.  'The  liarang  discontinuity  is  tlie  locus  cjf  [loints 
in  the  nigfitside  auroral  zon<'  acioss  whi<  h  the  meridional  com|>onenl  of  the  io!:os])heri( 
electric  field  reverses  from  a  basically  polewarrl  field  on  the  <'(|ualorward  side  to  a  basicallv 
equatorward  fudd  on  the  poleward  side.  In  otln-r  words  the  liarang  discontinuity  represc'iits 
a  convergence  of  ionosjiheric  cdectric  field.  Tlie  overall  structure  of  this  feature  is  evi  leut 
in  high-latitude  radar  observations,  and  in  satellite  measurements  of  both  electric  fields  and 
ionospheric  plasma  flows. 

Ions  in  th<'  plasma  slu'et  drift  westward  or  duskward  across  the  tail  du('  to  the  rnagnc'tic 
gradient  and  curvature  drifts.  'I'he  westward  curvature  and  gradicuit  drift  dr'iiletes  dawnsidc' 
flux  tubes  of  energetic  ions  bc'cause  there  is  no  strong  souixe  of  energetic  plasma  in  the 
dawnside  magnetopause  boundary  layer  to  re[»lace  t  hos<'  that  have'  drifted  westward.  This 
dawnside  depletion  (dfect  means  that,  on  average,  the  duskside  of  the  plasmasheet  will  have' 
higlier  ion  tempeuatures,  pressures  and  flux  tube  contents,  and  lu'uce  stronger  wc-stward 
f  ross-tail  drift  current,  than  the  dawnside'.  '1  he  deficit  of  dawnsicle  current  (or  surplus  ol 
duskside  currc'iit  )  must  be  compeusatc'd  Iw  upward  currents  from  the'  iouosplu'i'e  rlistributed 
ac  ross  the  tail  to  ensure  curicut  coiit  iuuity.  In  t  he  ionosphere,  closure  of  I  his  current  reeiuiics 
a  comcrgf'uce  of  iouo..pheric  Pedersen  currc'uts,  and  hence'  a  coiive'rge'iie'e'  of  e-lectric  fie'lel. 
dire'cted  towards  the  ceuiter  of  the'  upward  current.  'This  is  I'xactly  the  form  of  the  liarang 
discontinuity. 

The  requirement  that  Ohm’s  law  be  satisfied  in  the  iono.sphere  cremates  an  ionospheric 
electric  field  that  maps  back  to  the'  tail  and  niodifie's  the  plasma  flow  there.  The  region 
poleward  of  the  liarang  discontinuity  maps  well  out  into  the*  ])lasn'.a  she'e't.  The*  equatorward 
electric  field  in  thi.s  region  e)f  the'  ie)no.sphere  ma[)s  inie)  an  earthwarel  e'leetric  fiehl  in  the- 
plasmashee’t  that  drive’s  a  elawnware!  E  x  B  flow  that  e)ppose’s  the’  eluskward  gradiemt  anel 
curvature  drifts.  This  helps  k<'e’[)  the'  flow  of  ierns  in  the  ])Iasmasheet  directed  towards  the 
earth  and  reduces  the  loss  of  ions  from  the  tail  at  the'  <lusk  flank.  The  poleward  electric 
field  observed  equatorward  of  the-  liarang  discenit inuity  maps  to  a  tailward  electric  field  at 
the  inner  edge  of  the  plasma  she'et.  i'liis  drives  a  westward  E  x  B  flow  (hat  reinforce.s  the 
westwarel  curvature  and  gradie'ut  drift  of  ions  around  the’  ehisk  sieie  of  the'  earth  tejwards  the’ 
daysiele  magnet o[)ause. 

1  his  argument  was  studie-el  eiuantitatively  by  iue  lueliug  the'se-  e'ffe’ets  in  the'  Rice  (’em- 
\'e'ction  .Me)del  (RC'.M).  I'his  wa.s  eleme’  by  exte'tieling  t!i<  st/h.tiem  sp.ice’  n'.uch  further  down 
the  tail  anel  including  a  re-alistic  plasma  .seenree'  bemnelary  conelitie)u  on  the’  elawn  flank  of 
the'  tail.  This  resedted  in  a  signifieant  elawn  ele’ple’t iem  e-ffe’et  whieh  cause’el  a  large  band  of 
uf)warel  Birke’lanei  rnrre’nt  U)  a  drawn  eriit  erf  the'  ee'iitial  aurerral  /erne’  een  the  nightsiele'.  I’he' 
re’sultmg  ....itueimal  eiist ribut ion  erf  Hirke'lanel  eurre'nts  matehe’s  tlmse’  erbse'ive'el  much  be’tte’r 
than  those’  calculateel  in  e-a'ilor  ric’"  of  e  !.<•  Rf''^t  i',  [..-.'.r  ^.lie'iie  <’oiiveeeioM  b.-h, 

wa.s  modified  to  produce  a  stremg  cemve'igence  of  e'le'e  t rie-  fie'lel  similar  to  that  e)bserve?d  in  the’ 


Harang  discontinuity.  The  dawn  side  depletion  effect  also  r<’sults  in  a  reduction  of  plasma 
sheet  pressure  in  the  near-Piarth  midnight  s<‘ctor  of  the  [)lasma  slie<>|  due  to  the  loss  (jf  h>h> 
through  the  dusk  flank  of  the  tail.  Ilowi'ver  th<‘  flows  driven  in  the  tail  hy  the  electric  (ields 
as.sociated  with  the  Harang  discontinuity  tt  nd  to  reduce  t'riese  losses,  whicli  means  that  [ues- 
sure  can  still  build  up  to  unstable  levels  in  the  inner  plasma  sheet  even  during  magnetically 
calm  intervals  of  slow  convection.  This  latter  effect  will  be  explored  in  future  work. 

Principal  Reference 

Erickson,  G.M..  R.W.  Spiro  and  U..'\.  Wolf,  I'hc'  Physics  of  the  Harang  Discontinuity.  .1. 
Geophys.  Res..  96.  1633,  1991. 
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III.  Cusp  Electyrodynamics  '.vitli  Northward  IMF 


1  he  l)Fv2  satellite  olt('i!  passes  through  the  r<'gioii  of  the  it)iiosph<‘iie  eus])/eleft  that 
ar<’  are  eharai  terizc'd  hv  iiitc'iise,  highly- variable  (piasi  DC  electra  liehls  colocated  with 
magnetoshealh-like  partiih's.  In  addition,  during  int<'rval>  o!  strong  southward  direited 
IMF.  large  spike-like  elect ric  fields  are  orca.sionally  seen  near  the  e()uat(u  vvard  boundary  of 
the  cusp.  These  are  thought  to  be  the  ionospheric  signaturr's  of  niagm'tic  merging  at  the 
clayside  incignetopau.s>  .  hyjiothe.sis  was  tesl<’d  and  coidirmefl  in  an  t'arlier  case  study 

during  the  large  magnetic  storm  of  .September  6  1!)S2,  when  DF-1  and  !)f'-2  were  conjugate 
and  1)F'-1  crossed  the  magnetopause,  A  |)ole\vard-directed  electric  held  s|dk('  was  detect('d  at 
the  erpiatorward  boundary  of  the  cusp,  d’his  was  inleijrrr'ted  as  the  ionospheric  signature  of 
the  iidtial  motion  of  the  newly-tiK'iged  flii.x  tube  in  th<-  direrlicjii  ol  the  local  magnetosheath 
flow.  However  magnetic  tetision  forces  soon  becoiiK'  donnuant  in  determining  flu.x  tube  mo¬ 
tion.  reversing  the  sense  of  flow.  'I  h<'  electric  field  spike  corr('S|)onds  ter  a  narrow  rr'gion  of 
[)lasma  con\’('ction  at  the  boundary  of  cusp  preci|rit  «t  ion  in  the  direction  ol  magnetosheath 
flow  and  is  an  iiulication  that  the  satellite  crossr'd  t  h<'  low-altitude  footprint  of  the  rrterg- 
ing  lin<‘.  .Another  feature'  associated  with  magimtopanse  merging  is  a  characterist ic  energ.\' 
dispersion  obser\’(“d  in  the  energetic  ion  fluxes  near  the  ('(juatorward  boundary  of  the  cusp, 
riie  highest  ('ne.'igy  iotis  ai’e  obseiwed  closest  to  the  ecpiatorward  boundary  of  the  cusj).  atui 
successi\'ely  lower  enc'igii's  with  mcreasiitg  latitude. 

If  the  electric  field  strikes  seen  at  the'  ecpiatorward  boutidary  of  tin'  cus]-)  during  times 
f)f  sout fiw'ard  I.Mf’  are  indeed  low-altitude  signature's  of  merging,  (hen  on<>  might  exprrt  to 
observe  snnilai  electric  field  signatures  near  the  jroleward  ensj)  boutidary  during  periods  of 
northward  directed  IMF  if  merging  thr'ii  takes  place  between  the  l.MK  and  oppositely  directed 
magnetospheric  field  lines  at  the  magnetopause  tailward  of  the  cusp.  We  have  studic'd  in 
detail  a  single  l)F-2  cusp  crossing  that  took  jrlace  around  1000  FT  on  17  February  lO's’d 
during  a  period  of  northward  IMF'.  In  the  polar  ca])  poh'ward  of  the  ctisp.  plasma  was 
flowing  sunward  towards  tlie  cusp.  At  the  poleward  boundars'  of  the  cusp  precipitation,  we 
observed  an  ecpiatorward  directed  elect  ic  field  spike,  indicating  a  narrow'  region  of  duskward 
flow,  followed  by  a  miu  h  broader  region  t)f  more  moderate  dawnward  flow.  The  electric 
field  spike  was  accompaided  by  an  ion  dispersion  event,  but  in  the  opi)osite  sc'iise  to  that 
usually  ob,ser\ed  during  southward  IMF’,  d’hat  is  (lie  highest  en('rg\’  ions  w'ere  observed  at 
.the  poleward  cusp  boundary,  and  succc'ssively  lower  eiK'igy  ions  with  increasing  distance 
from  the  boundary,  ddiese  obser\’at  ions  are  consistent  with  nu'rging  occuring  on  the  high 
latitude  magnetopause  tailvvarrl  of  tlu'  cusp  Ix’tween  IMF"  and  tail  lobe  fii-ld  lines.  'Fhe  global 
convection  pattern  has  plasma  flowing  out  of  the  polar  ('a]),  or  in  the  tail  lobe  towards  the 
magnetopause,  where  field  lines  reconiu’ct  with  the  IMF",  Itumediately  after  reconiu'ctioti, 
magnetosheath  flow  drags  tlu’  newly  reconnected  flux  tidx-s  rapidly  duskward.  but  magnetic 
tensicni  rapidly  comes  into  play,  reversing  the  flow  so  that  the  lulx's  convt’ct  tailward  past 
the  dawn  flank,  d'his  gives  rise  to  the  electric  field  spik(‘  an<l  subs<'(iuent  op])ositely  directed 
electric  field  as  well  as  the  associated  magnetic  signaturi's  of  field  aligned  currents. 

In  addition  to  these  larger  scah’  fealures,  attain  of  about  three  tpiasi  sinusoidal,  ehatne 


•1 


and  magnetic  field  oscillations  was  observed  just  eqnatorward,  or  dovvCi stream,  of  the  electric 
field  spike.  The  oscillations  had  a  p('riod  of  about  2  s  in  the  s])ac('craft  frame,  ami  there 
was  an  approximately  40°  phase'  shift  between  the  electric  and  magne'tic  variations.  \\’e 
put  forward  two  alternative  explanations  for  these  waves  which  appear  to  be  the  result  of 
the  partial  reflection  off  the  ionosphere  of  hydromagnetic  waves  incident  from  abo\e  the 
spacecraft.  One  possibility  is  that  what  DE  2  observes  is  primary  temporal  in  nature,  that 
the  waves  have  a  period  of  2  s  in  the  plasma  frame.  This  is  near  t  he  ion  cyclotron  frt'tpiency. 
so  the  waves  might  well  have  been  generated  by  the  ions  observed  in  the  ion  dispersion  excnl 
being  unstable  to  electromagnetic  ion  cyclotron  wave  growth.  In  this  scenario  the  wa\t's  ar(' 
generated  higher  up  the  field  line  and  propagate  down  the  field  line  to  the  ionospherr'.  Here 
they  are  partially  reflected,  so  that  DE  2  observes  the  interfering  upgoing  and  downgoing 
waves,  which  explains  the  phase  shift  The  three  cycles  observed  represent  the  spatial  extent 
of  the  source  region,  which  is  about  50  km  at  the  DE  2  altitude  of  850  km. 

The  second  scenario  links  the  oscillations  more  directly  to  the  electric  field  spike  at  the 
polar  boundary  of  the  cusp.  If  this  is  an  electric  field  experienced  by  each  field  liiu'  as  it 
reconnects  at  the  magnetopause  and  is  dragged  duskward  by  the  flow  in  the  magnetosheath, 
this  electric  field  signature  propagates  down  the  field  line  as  a  shear  mod('  .Alfven  wave,  .A.'; 
the  Alfven  wave  travels  down  the  field  line,  the  field  line  is  converting  pf|uatorwar(ls  at  100 
or  200  m/s.  On  reaching  the  ionosi)here,  a  few  hundrc'd  kilometc'is  below  DE  2,  the  Alfven 
wave  partially  reflects  and  travels  back  up  the  field  line  which  has  in  the  meantime  nK)ved 
equatorward.  The  electric  fields  of  the  incident  and  reflected  waves  will  tend  to  cancel, 
while  their  magnetic  fields  will  tend  to  add,  thus  substant iaiiy  changing  tfie  ratio  of  the- 
electric  and  magnetic  perturbations  of  the  initial  spike  and  the  subseciuent  oscillations.  The 
magnetopause,  where  field  lines  bend  sharply  and  the  Alfven  speed  changes  abruptly,  will 
also  act  as  a  partial  Alfven  wave  reflector,  so  the  wav'e  will  tend  to  bounce  a  few  times 
between  the  ionosphere  and  magnetos|)here  before  its  energy  is  dissipatt'd.  This  explains 
the  train  of  three  oscillations,  I'he  oscillation  period  is  about  2  s  in  the  spacecraft  data, 
similar  to  the  time  scale  associated  witli  the  s[)ike.  In  2  s  th<'  space<  rafl  mo\es  about  1)  km. 
The  plasma,  moving  at  100-200  m/s  along  the  spacecraft  |)ath.  takes  on  the  order  of  100  s 
to  move  this  distance.  .At  typical  magnetospheric  .Alfven  speeds  (1000-2000  km/s).  a  wa\e 
would  travel  10-20  Re  in  this  time,  not  unreasonable  for  a  trip  from  th<'  magnetopause  to 
the  ionosphere  and  back  again,  f'lux  tube  area  increases  by  about  a  factor  of  1000  lu'iween 
DE  2  altitude  and  the  magnetopause  wlu're  the  field  strc'iigth  might  be  a  factor  of  1000 
lower,  so  the  14  km  distance  along  the  spacecraft  path  incrc'ases  to  500  km  normal  to  the 
magnetopause  at  the  magnetopause,  or  even  more  if  flux  tulx’  shape  is  not  presc’rved.  whic  h 
IS  probable.  I'his  is  not  an  unrc'asonable  thickness  for  a  rc-connect ion  region. 

At  th  is  stage  we  are  lurt  able'  to  distinguish  bc'twec'u  t  hc'se  altc'rnat i\e  scc'uarios  on  the 
basis  of  the  data  we’vc'  analvsc'd.  llopi'fully  analysis  of  furthc'r  spacc'craft  passc-s  through  the* 
cusp  will  allow  us  to  clc'cide  which  dc'scri))t  ion  is  bc'tter  able  to  c'xplain  the'  obser\at  ions. 


Principal  References 

Hasiiiska,  K.M,,  \V,,I.  Buik(  ■and  N.('.  Mayiia'.d,  and  Mayiictn  I' icld  i'dtifl  ual  Hjiis  in 

tlie  Cusp/t  left  Regions,  in  Phi/sirs  of  Spdct  I’lnsinos  1901).  SJ*1  (  onlerence  Piaxcedings 
and  Reprint  Series,  Numher  10,  (1\  (’hang.  Cl.  B.  Crew,  and  ,1.  R.  .Jasperse.  eds.) 
Scientific  Publishers.  Camluidge,  Mass.,  1901.  (in  jrress) 

Ba-sinska.  E.M  ,  W.J.  Burke,  N.C.  Maynard,  VV..),  llnghc.s,  ,]..A.  S!a\  in.  and  .J.I).  Winning- 
ham,  Cusp  Electrodvnamics  with  Northward  IMF.  prejtrint,  to  be  sidnnitted  to 
Geophys.  Res. 
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IV.  Equatorial  Plasma  Density  Depletions  during  a  Magnetic  Storm 


Early  on  14  March,  1081),  (hiring  a  major  rnagtK'tic  storm,  fhi'  thermal  [rlasma  probe  on 
the  DMSP  F9  spacecraft  (lotoct('(|  ('xtcmsivi' and  dramatic  d<‘crcascs  in  the  ion  di-nsit  v  at  slO 
km,  near  2130  LT,  during  two  consecutive  transecjiiatorial  passes  over  South  America.  1  lu' 
order  of  magnitude  decreases  in  ion  density  exlend('d  more  than  1000  km  along  the  satellite 
track.  The  depletions  were  accompanied  by  upward  and  westward  plasma  drifts.  l)oth  in 
excess  of  100  m/s.  Their  onsets  and  terminations  were  marked  by  extreriK'ly  sharj)  density 
gradients.  The  satellite  observed  no  similar  depletions  over  the  At  iant  ic  during  I  he  preceding 
orbits.  A  partial  depletion  w'as  detected  over  the  east('rn  Pacific  during  the  follov.ing  orbit. 
The  satellite  ground  track  passed  slightly  west  of  a  nrazilian  TE(’  station  and  two  Brazilian 
ionosondes  during  the  orbit  on  which  the  first  depletion  was  observed,  fhe  fh  ('  fell  far 
below  normal  during  the  night  of  13-11  March,  d'lu'  ionosonde  iiu'asurements  indicate  that, 
in  the  hour  aftter  sunset,  Irefoix*  DM.SP  passed  through  the  (h'pletious.  the  12  layer  ro<e 
rapidly  and  disappeared,  but  at  the  time  of  lh<‘  first  DMSP  ]>ass  thiough  the  dejiletion. 
limF2  was  decreasing  over  one  erf  the  stations. 

A  sister  spacecraft,  DMSP  F8,  orbits  in  the  dawn-dusk  meridian.  When  this  spacec  raft 
passed  over  South  America  at  dusk  on  13  March,  some  thrrv'  hours  Ix'fore  D.M.SP  1-b  detec  ted 
the  depletions,  it  detected  extemely  large  ion  densities  and  u))ward  ami  wesiwaid  drifts. 
Twelve  hours  later,  during  two  dawn  passes  over  the  eastern  Pacific,  D.MSP  I  S  did  dfUf'ct 
depletions  somewhat  similar  to  those  se('n  by  DMSP  F!),  accompanied  by  a  large  westward 
drift.  These  morning  side  depif'tions  could  well  l>e  )))('  remnants  of  thos(>  det('cted  earlier,  in 
the  premidnight  sector,  by  DMSP  Id). 

barge  eastward  elect  ric  fields  will  drive  large  u|)ward  drifts  at  low  lat  it  udes.  .\s  t  he  D.MSP 
orbit  is  normally  well  above  the  altitude  of  the  F2  peak  density,  ujrward  diifts  normally 
give  rise  to  increa.sed  not  decreasr’d  densities.  However,  wo  argue  that  on  this  ttight  the 
electric  fields  and  hence  the  drifts  wer<'  so  strong  that  the  F2  peak  was  lifted  above  the 
DMSP  altitude,  placing  the  spacecraft  in  the  very  low  density  plasma  ludow  the  nighttime 
F2  peak.  When  an  ecpiatorial  flux  tube  is  raised,  plasma  t«Mids  to  fall  down  the  flux  tulu' 
under  the  force  of  gravity,  raising  plasma  (huisilies  at  lowei  alt,i\ides  o(f  the  e(|untor.  Model 
calculations  of  the  effc'ct  of  large  susi  aine<l  upward  di  ilt  at  t  lie  e<|uator  ( ombiiu'd  with  gra  \  ity 
driven  field  aligned  flows  rejtroduce  i  ne  sorts  of  depletion  that  were  seen  by  DMSl’  I  'b  f  he 
sharp  boundaries  to  the  depletion  are  created  naturallv  l>v  a  coinaugf'nce  ol  the  [)lasma  drift 
paths. 

The  cause  of  the  intense  upward  drifts  that  producerl  the  |)lasma  depletions  can  riot 
be  unambiguously  determined.  Ilowev'er  there  are  two  processt's  that  can  give  rise  to  an 
eastward  electric  field  at  the  ecpiator  during  a  large  magiu'tic  storm.  During  larg('  magnetic 
storms  the  normal  up[)er  atmosphere  rir<  illation  jrat terns  are  disturlxHi  by  tin’  additional 
thermal  inputs,  ddie  m'w  circulation  drives  an  at imisplieric  dynamo  that  can  r('\erse  tin' 
electric  field  that,  is  normally  westward  in  this  local  time  scitor.  whicli  results  in  upward 
drifts,  binder  normal  condit  ions,  magnetospheric  elei  t  i  n  fields  are  shielded  from  mid  and  low 
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lat it  udes  h_'  t ho  action  of  the  ionosphere  itself.  However  during  largi'  dist  nrl)ances.  es[>eciall\ 
if  itie  region  of  sunward  con\<'(  t  ion  coiiu’s  close*  to  the  earth,  i!  is  shielding  can  break  down. 
If  this  occured,  the  magnet ospheiic  conv<*ction  electric  field  could  ha\'<'  p<*netrated  to  the 
equator.  It  i.s  hkely  that  a  <  (Uiihinat  ion  of  t hese  i  wo  elfects  ])roduced  the  large  upward  di  ifts 
o})ser\(’d  by  lioth  DMSP  siiaceciaft,  and  hence  caused  theobs,  rved  depletifuis.  l  liat  tlie 
de[)lefions  were  obseree'd  shortly  alter  the  ring  curr<*nl  r(*ached  its  ma.ximum  intensity  and 
nearly  a  day  after  tlie  first  ssc  ol  t  he*  storm  means  that  t  he  storm  d\’namic.s  uere*  unrloulitedly 
important  in  th<*ir  formation.  I  Ih'  hole's  location  l)<*tween  tin*  evening  terminator  and  llie 
South  .-Xtlantic  .•\nomaly  (where  int<'nse  particlr*  pre.dpitalioti  raises  ionization  levels)  imiilies 
a  role  for  conductivity  gradients  in  enhancing  the  electric  fields. 

Principal  Reference 

(Ireenspan.  M.  If..  (',  K.  Hasmussr‘n.  W'.  .).  Mnrio*.  and  .\1.  .\.  .Abriii.  Kf(’'atoria!  densitt' 
depict  ions  obsi'rved  at  SlO  km  during  the  great  r.agiielit  storm  ot  Maich.  lbS!l. 
Rts..  in  press.  ItHK). 
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V.  Ion  Cyclotron  Group  Delay  near  the  Plasmapause 


Elcctroinagncl  ic  ion  (y<loti'oii  waves  arc  g<'iicratr‘<i  near  the  magnet  it  etjiiator  tlmaiaii 
an  instability  (lri\en  In'  energt  tic  ion  temperaturt'  anisot rctpy.  Fhe  waves  proi^agate  along 
magnetic  flux'  tubes,  and  many  are  obsert.-ed  on  the  ground  as  pci  magnetic  pulsations.  1  hesc 
often  exhibit  a  distinct i\'<'  wa\'e  |)ack<'t  structure  l>eli('ved  to  be  the  result  of  wa\'e  [)ackets 
bouncing  back  and  forth  along  a  flux  tube  prorlucing  the  repetitive  st met ure  that  gi\'e.s  rise 
to  the  name  p<>arl  pulsations.  In  an  t'arlier  report  we  compared  ion  cyclotron  waves  oi)ser\efl 
by  tue  DE  1  spacecraft  near  the  e^)uatoriaI  [)lane  tiear  b=‘l  with  ground  based  obsr-rxat  ion.s 
of  pci  pulsations  observed  near  th<>  foot  of  tlie  i)F.  1  field  line  by  the  AFCl,  Magneton. (‘ter 
N('twork.  For  three  of  the  six  events  observed  simultaneously  in  space  and  on  tin  ground, 
we  were  able  to  estimate  *he  delay  time  for  the  signal  to  propagate  from  the  equator  to  tlie 
ground.  The  estimates  foi  the  diffei-ent  (‘vents  ranged  betw(‘en  •T')  and  100  s. 

In  this  work  we  comi^are  th(‘S('  m(‘asurem(‘nt s  with  calculations  of  tin'  grouj)  d(‘lay  made 
using  the  full  hot  {)lasma  dis[)(‘rsiou  relation  int(‘grat(‘d  ahmg  a  dii)oh‘  field  Hik'  from  the 
equator  to  the  ground,  fhe  plasma  param<'t<‘rs  us(‘d  in  th<'  calculations  ar(‘  bas(’d  on  the 
[)lasma  and  particle  measur(‘ments  mad(‘  by  DE  1  ai  the  time  (T  the  wa\'e  evf‘nts.  .\s  tlu' 
parameters  are  not  always  measui'f‘d  pr(‘cis(‘l  v',  w(‘ conducted  a  variation  analysis  to  d(‘terimre 
how  sensitive  the  group  delay  is  to  tin*  various  plasma  parameters,  and  also  coini)ar(‘d  our 
resu'ts  to  the  results  obtain(‘d  (‘arlier  using  only  the  co’'  plasma  dispersion  relation. 

V\'e  found  that  the  density  of  both  the  hot  and  cold  speci<‘s  affect  the  wav(‘  group  v(‘locity 
significantly,  especially  near  th(‘  <‘(|u<»torial  plane  where  the  grouj)  vidocily  is  small(‘st.  and  .^o 
where  it  has  the  largest  (‘ff(‘c(  on  flK‘  total  grouj)  (h'lay.  Including  the  full  disj)(‘rsion  relation 
as  oj)posed  to  the  cold  j)!.isma  disj>(‘rslon  r(‘lation  i)rodiu(‘d  (•h;ing(‘s  i  i  tin*  grouj)  d<‘la}'  on 
the  order  of  lll'X  .  I'sing  m(‘asur<‘m<‘iits  from  tlH‘  F.ii<‘rg<‘t  ic  Ion  ( ’omjiosit ion  Sj)(‘ct  roineter. 
th(‘  I’lasma  \Va\(‘  Inst  rum(‘iit  and  I  h<‘  l{<‘tar(Tmg  Ion  .Mass  Sjieci  i()niet(‘i  to  (h‘lii'‘  the  hut 
and  cold  plasma  envi:'onm(‘nt  s,  w(‘  obtain<‘d  go<)d  agi<‘(  m<‘nt  l)<‘tw(‘('n  our  cahulat(‘<i  grouj) 
delays  and  thos(‘  we  obtain(‘d  ('arli<‘r  from  a  cross  corr(‘lat ion  of  th(‘  wa\('s  m(‘asur(‘d  h'.'  Df. 
1  and  on  the  ground. 

Principal  Reference 

Ludlow,  (i.H..  W.,1.  Ilugh(‘s  and  ILL.  Collin.  The  Ion  ('\<lotron  (Ironj)  Delay  for  Soune 
Regions  near  the  Flasmajjause,  (U(‘j)riut.  to  be  submiM«‘d  to  ./.  ( i>jjh  i/s.  lit 
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